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ABSTRACT 


A unique  clinical  situation  at  the  EEC  Research  Institute 
has  made  it  possible  to  collect  gas  clearance  data  in  rnan. 
Hydrogen  ‘gas  clearance  and  saturation  in  the  brain  have 
been  monitored  in  22  subjects  - twice  in  4 of  them  with  6 
- 12  months  interval.  Each  subject  has  been  studied  with 
from  18  to  36  chronically  implanted  electrodes.  The  T/2 
for  H„  gas  clearance/saturation  has  been  measured  from  1 to 
76  times  around  each  of  the  460  electrodes. 

The  ha]f  time  for  hydrogen  gas  clearance/saturaticn 
in  the  human  brain  may  fluctuate  between  -j-  minute  and 
30  minutes  in  grey  matter  and  betv/een  6 and  14  minutes  in 
white  matter.  In  the  ear-lobes  it  may  vary  from  1 to  5 

minutes,  and  from  2 to  20  minutes  in  the  skeletal  muscles. 

8%  COp  added  to  the  breathing  air  caused  a drastic  re- 
duction of  the  half  time  only  in  some  areas  in  the  brain. 

There  must  be  a focal  mechanism  regulating  the  blood  flow  to 
various  areas  of  the  brain. 


The  information  obtained  in  these  studies  should  be 
taken  into  account  in  the  development  of  diving  tables  for 
diving  on  oxygen/hydrogen.  The  data  may  help  to  improve 
the  understanding  and  treatment  of  decompression  sickness 
and  increase  the  safety  of  deep  sea  diving  important  to 
the  U.S.  Navy. 

The  Vesla  on  Person  Biomedical  Monitoring  Equipment 
has  been  refined.  Four  channels  of  data  are  modulated, 
mixed  and  recorded  on  one  track  of  a battery  powered 
cassette  tape-recorder  modified  for  remote  operation.  The 
unit  is  fitted  in  a water  tight  clam  shell,  to  be  carried  on 
the  diver's  back. 

i 

The  Vesla  on  Person  Biomedical  Monitoring  has  been 
demonstrated  to  the  Navy,  to  LCDR  Call  and  his  group 
at  El  Centro  Calif.  and  LCDR  Reid  and  his  group  at  Point 
Mugu  Calif. 


With  the  Marine  Biomedical  Institute,  University  of 
Texas,  Galveston,  we  have  started  monitoring  of  divers  in 
the  Gulf  of  Mexico.  The  data  from  the  Gulf  and  the  North 
Sea  will  .be  comparable. 

The  accomplishment  under  this  contract  has  made  us 
ready  for  biomedical  monitoring  of  operational  working  and 
inspection-dives  in  the  North  Sea  for  the  study  of  work-load, 
euphoria,  mental  impairment  and  the  diving  reflex  to  improve 
diving  efficiency  and  diving  safety. 

With  support  from  the  directorate  of  Labour  Safety  and 
the  Norwegian  Research  Council  this  studies  are  now  in 
progress  in  the  North  Sea. 


INTRODUCTION 


The  main  purpose  of  this  contract  has  been  to  study 
saturation  and  clearance  time  for  hydrogen  gas  in  man  to 
establ ish'  the  half  time  for  hydrogen  gas,  clearance  and 
saturation  in  the  brain  and  the  skeleton  muscles. 

Investigations  of  biomedical  monitoring  of  divers  in 
wet-suits  has  been  the  second  purpose  of  this  contract. 

Since  1952  the  main  investigator  has  carried  out 
research  in  the  human  brain  using  intracerebral  electrodes 
to  examine  and  treat  patients  suffering  from  selected 
diseases  in  the  brain. 

In  our  laboratory  at  Gaustad  these  studies  are  carried 
out  as  part  of  depth-electrographic/neurosurgical  treatment 
of  patients  suffering  from  Parkinson's  disease  and  other 
neurological  diseases.  These  examinations  give  us  unique 
opportunities  not  only  to  improve  the  safety  of  the  treatment, 
but  are  used  to  aid  where  the  therapeutic  coagulation  most 
successfully  may  be  applied. 

In  this  way  the  intra-cerebral  studies  with  the  hydrogen 
gas  clearance  technique  are  unique  for  this  laboratory.  The 
chronic  implantation  in  the  human  brain  of  sensors  as  well 
as  the  development  of  a technique  by  which  blood  flow  changes 
of  only  two  to  four  minutes'  duration  may  be  obtained,  are 
new  and  unique  for  this  laboratory.  Preliminary  data  indicate 
that  there  is  a steady  fluctuation  and  change  in  the  blood 
flow  to  the  various  nuclei  and  various  systems  within  the 
brain. 


The  investigators  feel  very  strongly  that  the  research 
described  in  this  report  will  open  up  a new  area  in  the 
study  of  the  functioning  of  the  human  brain  and  to  which  extent 
malfunctioning  in  the  brain  may  be  attributed  to  breakdown 
of  blood  flow. 

The  multiple  focal  intra-cerebral  blood  flow  studies 
may  open  up  a new  area  in  the  same  way  as  the  intra-cerebral 
depth-electrographic  studies  opened  up  a similar  area  25 
years  ago. 
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In  obtaining  important,  needed,  basic  information  about 
changes  in  cerebral  blood  flow  following  neurosurgery  and 
brain  oedema.  These  data  are  unique  information  about 
absolute  blood  flow  in  different  areas  in  the  brair,  during  the 
clinically  critical  post  operative  period.  Hitherto  n. 
has  only  been  possible  to  compute  these  data  indirectly. 

Our  studies  are  of  practical  value  for  deep  sea 
diving  on  the  Continental  shelf.  For  divers  compression 
and  decompression  time  are  of  great  importance.  No  com- 
pression or  decompression  table  for  the  treatment  or  manage- 
ment of  divers  can  be  complete  without  data  about  the  focal 
gas  clearance  from  the  brain  and  the  effect  of  recirculation. 

Our  preliminary  results  indicate  that  -half  time  for 
gas  clearance  in  the  brain  may  vary  from  less  than  a minute 
up  to  half  an  hour  or  more,  pending  the  activity  of  the  diver 
and  location  in  the  brain. 


The  main  investigator  with  a team  from  the  EEG 
Research  Institute  participated  under  contract  with  the 
Navy  and  carried  out  EEG  and  EKG  monitoring  of  the  divers 
topside,  during  diving,  inside  the  Sealab  II  habitate,  and 
during  decompression.  This  early  experience  prompted  the 
main  investigator  to  embarke  on  a long  range  study  mapping 
out  EKG  and  EEG  changes  in  divers  during  shallow  and  deep 
dives  in  simulator  as  well  as  in  open  sea  dives  everfn  hot 
water  heated  wet-suits. 

A number  of  new  technical  developments  had  to  be  under- 
taken and  operational  problems  had  to  be  solved  to  make  the 
data  available  on  magnetic  tape  for  further  advanced 
electronic  analyzis  and  comparison. 

To  stimulate  these  two  studies  of  interest  to  the  U.S. 
Navy,  the  Office  of  Naval  Research  in  Washington,  in  part 
supported  the  EEG  Researced  Institute's  investigation  on 
gas  clearance  and  saturation  as  well  as  biomedical  monitoring 
of  divers. 


After  preliminary  negotiation  this  contract  N00014 
72-C-0345  was  started  on  March  15.  1972.  The  contract 
was  after,  several  renewals  completed  on  Nov.  14.  1976. 
The  main  purpose  of  the  contract  has  been  unchanged  the 
whole  time. 


The  investigation  on  the  saturation  and  clearance 
of  hydrogen  gas  in  man  was  completed  with  a special  report 
to  Office  of  Naval  Research  in  1976. 


The  investigation  on  biomedical  monitoring  of  divers 
advanced  the  state  of  the  art  of  biomedical  monitoring  in 
chamber  and  open  sea  diving.  We  can  today  even  monitor 
divers  in  hot  water,  he' ted  wet-suits  down  to  400  meter 
continously  for  up  to  24  hours. 


With  substantial  support  from  the  Norwegian  Research 
Council  and  the  Norwegian  Directorate  of  Labour  Safety  the 
study  of  divers  has  now  been  made  the  main  task  for  the 
Research  Institute  with  all  needed  support.  The  initiation 
of  the  current  program  was  the  result  of  the  work  carried 
out  with  ONR's  support. 
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Fluctuation  in  the  focal  blood  flow  produces  a s 
focal  fluctuation  in  the  half  time  for  gas  clear 
ance  and  saturation*  Independent y in  various 
areas  of  the  brain. 


The  changes  in  .half  time  is  related  to  whether  the 
area  of  the  brain  in  question  is  active  or  inactive 
Just  as  in  skeletal  muscles. 


Because  it  is  herd  to  control  the  activity  in  the 
brain,  an  extremely  rigid  protcCol  must  be  ehcorded 
to  obtain  identical  data. 


There  must  be  a focal  mechanism  regulating 
blood  flow  to  various  areas  of  the  brain. 
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Change."  in  respiration  produces  great,  fluctuation 
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'%  C0~  on  different  areas  of 


the  brain.  No  reduction  or  change  was  found  in 
certain  central  areas  of  the  brain. 


12) 


Changes  in  half  time  during  physical  and  mental 
activity  has  been  found. 


These  studies  of  longitudinal  changes  over  pro- 
longed periodcs,  have  added  a new  dimension  to  the  study 
of  hydrogen  gas  clearance  and  saturation. 


In  the  coursa  of  this  program  we  have  further  succ- 
essfully achieved. 


13) 


The  modification  of  the  Hp  gas  clearance  technique 
developed  earlier  for  use  with  intracerebral  pla- 


tinum electrodes  in  man. 


14) 


Development  of  technique  for  measurements  of  half 
time  of  Up  gas  clearance  and  saturation  short  epi- 
sodes of  3-4  minutes  duration. 


15) 


Found  that  electrodes  are  monitoring  cas  clear- 
ance from  a larger  rea  around  the  sensor  than 
1x4  mm  radio  isotope Krypton  sensors. 


16) 


The  development  of  the  DY2010D  data  collecting 
system,  for-  the  monitoring  of  Up  gas  clearance 


ana  s._,_ura  cion. 


17)  Development  of  a computer  program  for  handling  of 


gas  s a t u r e L .1  o /c  1 ear  a n c e d a t a . 
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18)  Demon::!  astion  of  Lhc  need  for  proper  clearance  end 
saturation  baselines  to  obtain  reliable  data. 

19)  Hew  er.rphasJs  of  the  dangers  of  the  mixing  of  H_ 
gas  with  air. 


20)  New  emphasis  of  the  time  factor  involved  in  the 
mixing  of  ib,  gas  and  CU.  Two  weeks  of  mixing  is 
needed  to  on tain  a l:l600  uniformity  of  the  gas 
mixture  within  a bottle. 

21)  Hew  technique  for  the  administration  of  gas  to 
' the  patient  from  manufactured  bottles. 


Other  investigators  have  found  the  half  time  for 
hydrogen  gas  clearance-  in  man  to  be  ~ 3 min.  for 
Uterus,  -1  - 3 min.  for  Cor,  and  8 - GO  min.  for  Os 
Fermoris.  .Studies  in  animal  have  shown  half  times  to 
be  always  below  9 min,  except  for  skeletal  muscles 
where  it  is  found  to  be  up  to  35  minutes. 


In  future  studies,  con tj nous  gas  analyze  of  respira- 
tory air  to  make  valid  baseline  for  recirculation  and 
other  pulmonary  factors  influencing  the  uptake  cr.d  clear- 
ance of  Up  in  the  brain  must  be  added. 

A unique  clinical  situation  at  the  DEG  Research 
Institute  has  made  it  possible  to  collect  this  badly 
needed  data  about  harf  unto  tor  hydrogen  gas  clearance 
and  saturation  in  the  brain,  ear-lobes  and  muscles. 

The  data  illustrate  the  complex  focal  changes  in 
the  blood  flow  in  the  brain. 

The  study  has  given  us  unique  valuable  bits  of  in- 
formation regarding  half  time  for  hydr 


■I  nv  : i i < ; -~i L I or i . or.  hi  - - r i . ileal  monitoring  of  divers  in  wot- : u i 1 : . . 

The  history  of  diving  goes  back  several  thousand  years. 

The  dangers  ol  diving  and  diving  sickness  has  been  known 
for  a long  time. 

Already  hundred  years  ago  during  the  building  of  the 
bridge  across  the  Mississippi  river  a physician  made  a 
good  description  d how  300  people  tolerated  to  work  under 
that  pressure  with  rather  rapid  compression  and  decompression 
without  any  clinical  symptoms  or  discomfort.  The  same 
physician  described  in  detai 1 how  the  remaining  50  of  the 
workers  on  the  project  experienced  from  discomfort,  co  serious 
decompression-sickness,  a number  of  them  died. 

With  the  recent  development  on  the  continental  shelf  there 
is  an  increasing  need  for  man  to  be  able  to  carry  out  work 
not  only  in  shallow  water  but  at  greater  depths. 

The  U.S.  Navy's  Sealata  project  was  a major  step  trying 
to  learn  more  about  man's  ability  to  work  and  live  under 
water  for  a prolonged  time.  In  this  project  the  main  investi- 
gator and  the  EEG  Research  Institute  was  responsible  for 
the  biomedical  monitoring  of  the  divers.  The  EEG, the  EKG 
and  the  respiration  was  monitored  using  the  original  Vesla 
biomedical  recording  unit. 

Just  like  in  earlier  studies  of  jet  fighter  pilots  where 
significant  changes  in  the  EEG  and  EKG  in  response  to  the 
environment  and  the  workload  was  encountered,  marked  changes 
were  also  seen  in  the  data  from  the  divers.  Biomedical  moni- 
toring can  reveal  the  subjects'  physiological  and  mental 
response  to  the  task  required,  the  workload/overload  can  also 
be  assest.  Studies  in  simulators  can  give  valuable  infor- 
mation but  the  only  way  to  learn  the  final  answer^  is  to 
monitor  the  divers  in  the  environment  in  which  he  is  going 
to  function. 

The  technical  problems  in  the  biomedical  monitoring 
of  EEG  was  emphersized  by  dr.  Carl  Schaefer.  "There  are 
obviously  great  difficulties  in  obtaining  good  EEG  records 
during  extended  simulated  dives  in  chambers". 
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The  problems  of  monitoring,  EEC  and  EKG  from  divers 
in  salt  water  heated  wet-suits  are  even  greater,  but  can  be 
done  using  specially  developed  glue  and  water  resistant  seal. 

Since  the  initiation  of  the  contract  in  1972  the  Vesla 
On  Person  Biomedical  Monitoring  Equipment  has  been  refined 
and  has  undergone  severe  testing. 

In  the  Vesla  system  four  channels  of  analog  data  are 
amplified,  modulated,  mixed  and  recorded  on  single  track 
battery  powered  cassette  tape-recorders,  modified  for  remote 
operation.  The  units  are  fitted  in  a water  tight  clam  shell, 
which  is  carried  on  the  diver's  back  together  with  the  air 
bottles.  The  unit  performs  satisfactory.  See  enclosed 
report.  Ref.  2,  4,  10. 

For  recording  of  the  EKG  only  from  divers  in  chambers 
and  chamber-operators,  the  Vesla  Seatpad  has  been  modified. 

With  the  Seatpad  EKG  can  be  monitored  from  sitting  subjects 
through  the  seat  of  their  pants.  pef.  2,  6,  10. 

In  this  investigation  we  started  out  with  Vesla  I 
biomedical  monitoring  system.  It  was  basi'al ly subminiature 
fowr  channel  EEG  machine.  It  was  battery  powered  with  four 
ink  pens,  writing  on  eight  micron  thick  paper.  It  was 
capable  of  45  minutes  of  recording  time  and  tolerated  8G  in 
any  direction. 

During  the  ONR  contract  period  the  Vesla  biomedical 
recording  system  has  been  redesigned  and  tested  out  with 
the  following  new  irnpro\frnents. 

1.  The  analog  signals  are  amplified  and  modulated  on  4; 
frequences. 

2.  The  modulated  signals  from  four  channels  are  mixed  into 
one  channel. 

3.  The  four  data  channels  can  thus  be  recorded  on  any 
inexpensive  battery  powered  single  track  tape  recorder. 

4.  The  speed  fluctuation,  the  wow  in  the  tape-recorder  is 
corrected  by  a built  in  7K  HERTZ  signal,  used  for  flutter 
compensation. 

5..  The  output  of  the  Vesla  unit  can  be  transmitted  by  any 
standard  airline  radio  . 
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G.  For  special  purpose  the  signal  is  by  a light  emitting 
diode,  conwer ted  into  a light  signal  for ‘ transmission 
through  fiber  optic  cabels.  The  light  emitting  diode 
is  placed  inside  the  Vesla  II  unit. 

7.  The  recording  of  the  data  on  standard  cassette  tapes 

has  greatly  facilitated  rapid  exchange  of  data,  between 
centers  i Western  Europe  and  America.  J 

8.  The  new  Vesla  system  including  tape-recorder  is  placed 

in  the  same  water  tight  clain  shell  as  used  during  Sealab  II.  | j 

9.  With  special  developed  glue  and  seal  from  Askim  Gummi- 
varefabrikk  and  improved  electro  technique,  it  Is  possible 
to  attach  the  electrodes  to  the  divers  43  hours  before 
the  dive. 

II  3 

10.  With  the  Norwegian  Veritas  we  have  a computer  program  for 
electronic  analyt  ic  of  the  data. 

11.  For  monitoring  of  EKG,  from  divers  in  chambers  and  from 
chamber  operators  the  Vesla  Seatpad  developed  earlier 
for  pilots  has  been  successfully  modified. 

12.  The  Vesla  Seatpad  makes  it  possible  to  record  the  EKG 
from  sitting  subjects  inside  and  outside  pressure  chamber 
without  attachments  of  leads  through-  the  seat  of  their 

pants. 

The  improved  Vesla  II  system  has  been  tested  out  in  dives 
in  the  Oslof jord  and  on  the  west-coast  of  Norway. 

In  co-operation  with  the  Aker  Group  for  operation  in  the 
North  Sea  . Bounce  dives  down  to  600  feet  have  successfully 
been  monitored. 

The  On  Person  Biomedical  Monitoring  was  successfully  demon- 
strated to  the  Navy,  LCDR  Call  and  his  groups  at  the  Test 
Range,  El  Centro,  Calif.  and  to  LCDR  Reid' and  his  group 
at  the  US  Navy  Missel  Test  Range,  Point  Mugu,  Calif. 

Reports  enclosed.  Ref.  8,  12. 
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With  the  Marine  Biomedical  Institute,  University  of 
Texas,  Galveston,  we  have  started  monitoring  of  divers 
in  the  Gul‘f  of  Mexico.  The  data  from  the  Gulf  and  the  North 
Sea  will  then  be  comparable. 

With  support  from  the  Norwegian  Government,  the 
department  of  Labour  Safety  and  the  Norwegian  Research  Council, 
studies  of  inspection  and  working  divers  during  operations 
in  the  North  Sea  are  now  in  progress  to  improve  the 
effectiveness  arid  the  safety  of  divers. 


Oslo,  November  14.  197G. 


C.W.  Sem-Jacobsen 
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